bk ?@%& 2026, Vol.45, No.05 273

P

KPR RE- 2 1 IT R AT A Il B Mo Uk
i) i 2 L4 5 P UK e 2 22 S

W', &, e, BE OB, iR
CLIBR M BNV F AR 2 e i 53R TR e, 280 M 239000; 2. 00BHARNL K A& i A b, 1IL5° JLPH 110866;
3ULRH AR S FR SR A2 IR 5 S PR s s s, W TERH 110866)

i % NRFARIEFEE R R RS TR X A R T LA M AR S R s, 3
TR PPN S5 S UM - 5 TIE S B AR AT 2R LB R L ST ST A B R I LRI 2 S e R I 7L R o A
RAE R B 53 22 5, FERTHE R AR B 53 AT F S EIG Lt 73 4 /2R 57047 Chierarchical cluster analysis,

HCA) . E4 % #1 (principal component analysis, PCA) M I1EZ /N 3% #1543 (orthogonal partial least
squares-discriminant analysis, OPLS-DA) . Z5iH3EM, 9L RMANIRE I oHm ( (92.50£1.08) 4D o 3F
REEFIAT S UME R IE RS, EAEEZS1200 . BE2814F0, BESRIIUM . BR2RSPh. BRIS2FP R HABR 7RI, f5
U . HCA K PCA 3 Fb A I FLAT A Ak KUK B A7 AE I S 22 5%, PCARIOPLS-DAR] LA R X 7 3Fh A B L. AR
PP A B (variable importance in projection, VIP) {E A7 & /T PAETE H 1 8Fh G822 F L (VIP> 1.

P<0.05) , FENEIZE (TR . BEE QRO L B @R L Mg QFD BRI (RO FImEE QD . %
BIF 5 45 A 1T 9 AT AN [) 2 o i T LA R B SRR SR AL 2k A0

Rl BUIRYIRY: 2SNy BEUSRE: REERL: BEVHY: UM OB T IERE . RIEXRES: 2T

Analysis of the Differences of Volatile Flavor Components of Fermented Milk Prepared with
Different Substrate Materials Based on Gas Chromatography-Ion Mobility Spectrometry

DAI Yuanyuan', MENG Fei', XIE Xiaohua', CHEN Jing', HU Xiaopei*>*
(1. School of Food and Environmental Engineering, Chuzhou Polytechnic, Chuzhou 239000, China;
2. Food Science College, Shenyang Agricultural University, Shenyang 110866, China;
3. Shenyang Key Laboratory for Nutritional Resources & Quality Control of Grain and Oil, Shenyang 110866, China)

Abstract: To investigate the effects of different substrate raw materials (milk powder, milk powder + Euryale ferox powder,
E. ferox powder) on the volatile flavor components of the fermented milk produced by them, the milk-based fermented milk, milk
with E. ferox-based fermented milk and E. ferox-based fermented milk were analyzed using sensory evaluation combined with gas
chromatography-ion mobility spectrometry (GC-IMS) technology. Fingerprint chromatogram comparison analysis, hierarchical
cluster analysis (HCA), principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA)
were conducted on volatile flavor components. The results showed that E. ferox-based fermented milk achieved the highest sensory
score (92.50 + 1.08). A total of 51 volatile flavor components were detected in the three types of fermented milk, including 12 ketones,
14 alcohols, 11 aldehydes, 5 esters, 2 acids, and 7 others. Significant differences in volatile flavor components were revealed by fingerprint
profiles, HCA and PCA among the three fermented milk samples. The three types of fermented milk could be effectively distinguished
by PCA and OPLS-DA. A total of 18 key differential components were screened out through variable importance in projection
(VIP) > 1 and P < 0.05, including 7 ketones, 3 alcohols, 4 aldehydes, 2 pyrazines, 1 acid, and 1 ester. This study provides a scientific
basis for analyzing the volatile aroma characteristics of fermented milk produced from different substrate materials.
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chromatography-ion mobility spectrometry; volatile flavor component; differential analysis
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Table 1  Sensory evaluation criteria of fermented milk prepared with
different substrate materials

Gy PRSP o

0% G A, A, RAAGEREE 16~20
20) A R0, TR, ERAGEEE 11~15

AL, AR A5 0~10

- ARG, AR 26~30
) TSRS B, A BT JSORL 16~25
ERBGLE,  ToHE TR RFAE AR 0~15

ok AR SR A0k, TS0k 16~20
oy A LSRR, TSk 11~15
ToEE AR, A U Rk 0~10

i’ﬂlln){}\* Zﬁé/l:{i'/)]/}j, %*ﬂ*ﬁ%ﬁ]*ﬁ@; %J:«%(jﬂﬁﬁ 26~30
OSBRI, DR ERET 16~25
FUHIRERS . By BRI, KB BT 0~15
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Pails

FERMATACEE 23 BIFRECS g AN [ 2 o Ji k) A B 3L T
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T EHERIEAT eV B AR AT e T
1.4 Hn b

FAVOCal 1.0 35 2 IELEHE . GC-IMS =4
Bt T 2 x i . SR RIE 5 factoextrafliE{TPCA,
KFHSIMCA 14. 13 {F3#E1TOPLS-DA, I i+ 1l 25 &
FEMEREEZ (variable importance in projection, VIP) {H;
KM Origin 2024 % | MERRIR T BRI B2 o i A &5 o
SPSS 27.08k fFiEAT S Z T
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2.1 RIEHE ORI % R B LB PN A5 IR
HR2AT A, FEMCEEIFS &M, N (92.50+
1.08) 75, #EMBEEIFA (87.13+1.16) 4, i
ABREITA N (85.7440.88) 43, X 5HATHEE W5
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Table2  Sensory scores of fermented milk prepared with different
substrate materials
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B e Wk Ak

LIRS
= fﬁ.r/\’{j( oA

BB

sl

A 16.70%£0.79 25.851+0.67 16.24+0.42 26.95+0.60 85.74+0.88
B 16.85%£0.47 27.35+0.47 17.58%£0.50 25.35+0.67 87.13*=1.16
C 18.00%£0.82 27.80%+0.79 18.20%£0.79 28.50%+0.53 92.50%1.08

2.2 N[ SR A% R P LA R RV 4 GC-IMS
I3 23 Bt
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Fig. 1  Three-dimensional (a) and two-dimensional (b) GC-IMS
spectra of volatile flavor components in fermented milk
prepared with different substrate materials
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Fig. 2
fermented milk prepared with different substrate materials
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GC-IMS fingerprint of volatile flavor components in fermented milk prepared with different substrate materials
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Table3  GC-IMS analysis results of volatile flavor components in
fermented milk prepared with different substrate materials

, iEH
KA A S5 R RTh HT%J%HS A 1B c

140.705 114377 85.109
] C821556 14029 1015632 140951 118725  108.102 86311  0.07
118727 104365  87.651
2799510 1913532 1594144
IFED-TH CS13860 13023 81734 108619 2782201 1932586 1568275 **
2864.726 1932473 1565.502

_— 2064782 796834 523431
3‘?%‘3%@@ C513860 13023 817234 133241 2039549 806748 508304 ¢
- 2235950 788218 500111
237990 239458 255011
B 120023 11920 652130 109450 245217 249385 274210 #*

BLIT 25280 283115
240.129 174206 111.824
QER CHO40 11954 656622 126688 249121 178838 108360  **
213969 180456 105276
1B W78 29923 26968
Crypy  CHOBD 11954 65662 16402 455 31416 2969 ¢
? 39861 33563 22147
2711077 2842166 2826.165
23 TR 431038 10014 357400 104272 2675308 2890.055 2803.669 **
2647700 2915001 2776625
BTH 1545444 1821464 1417776
Corgp)  CBIBE 10007 356741 L1843 1TB5M 175520 141074
* 1939.029 1746940 1358238
05478 38953 16632
2RE CL07879 10002 356079 136589 95647  35.004 17959  **
OLI3L 37418 16297
909.120 575428 340458
LTH C78933 9151 294927 106821 917456  ST9414 330644  **
911442 593893 337.649
1085332 249612 86.720
C78933 91501 294927 124555 1090749 244149 93316  **
1121197 253389 89.604
4637924 263925 116229
2 COT641 8381 249267 111190 4680314 2669.006 1193170 **
4759719 204771 1205473
L. 40673 538 45263
Jitoo  CUS0 13503 906491 LITSTT 3T 568 5100
- 38855 54219 51093
W67 100695 117721
MM 0625332 11172 504656 109618 42183 103323 125008 *
40050 105812 137.741
$523 8844 88155
L0 C591786 11012 471732 119831 49.004356 79476555 8220494 **
4975311 804386 8366912
071 44376 41799
4R Cl08101 10277 385618 118392 35707 37007 39306 ¥
30357 38717 37.036
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il A CASS R RTS i T . c Pl
1334080 1396495 1461.870

SRR C4412913 17989 2389327 110745 1308765 1403943 1528609
1351146 1473803 1710.984
68192 288774 392797

BB CHIB 13747 955473 133442 68081 286488 404150 %
79465 286947 376784
94560 128037 166441

1 CT410 12688 762603 125818 98702 132818 171629 **
107916 128068 162968
L. 71898 83553 41661

Thog  CTOB6 12668 THH6 L0 TS B0 £ e
¢ 3402 80956 46845
48431 349485 445758

FEELTE  CIB513 12235 695371 124831 45536 355226 461929  *
48364 3414TS 43365
7174 22108 246275

T8 C71363 11619 588110 118643 126632 217618 250754  *¢
129445 216407 235.053
54490 149721 162637

LHEELAE 78831 11108 493765 117406 51953 149248 174430  *
56310 148060 162588
2871523 2486023 2257.260

B LB CO4175 9455 315184 104587 2872969 2465.0796 2268491 0.69
2850245 2461385 2271997
2208212 796387 683275

LB (TR C6ITs 96T 315973 L1075 2343297 832581 712854 ¢
2458919 863406 702249
156,134 209468 298781

PRI COT630 9330 306698 109477 200137 275525 31303 ¢
24890 301149 313556
9923 12628 161.546

1B CHIT06 14889 1222970 140675 88821 132229 156091 **
91903 12274 141516
56563 66914 79450

13- 3301864 14902 1226299 116512 58887 67583 85562 *
61211 68405  81.058
61593 8299 89515

L3-8 Cole51 11778 621142 093580 58060 79305  §7.799  #
59885 80499 85.884
58194 171777 219.269

1 (71238 10383 421138 LUTT2 61298 176617 225414 *
5309 178105 218.062
2468 40888 48607

2LTE C78922 10415 401232 LIS443 31147 44012 50053 x
3510 43654 509240
158738 85071 8744

SHELTHR Cl07868 12175 686947 109450 166572 89964 95196  **
164297 91.99% 101790
4170 51451 55541

oR 066251 11021 479164 130489 40579 49371 5032 #
36827 55270 65921
96.091 373231 450344

LIETEE 96173 9293 304201 119329 107862 368673 4403434 ¢
114515 368128 438591
306695 341633 513.304

3 C123386 8173 238209 109648 304567 366404 561917  **
335870 406,126 601.661
4958004 4362375 4440464

BE LR C75070 7604 210385 102709 4875696 46142305 4374328 ¢
4879331 4804578 4221218
0410 T3TG T80

(E)2-F W 2548870 144201 1105361 133563 52608 67905 70378 **
459160 82587 87406
71814 71705 84209

T CI2419 14114 1034352 150126 57056 90786 89812 **
66761 75817 97.620
20570 163074 263834

FEETR €083 9283 303553 139379 18023 152570 244684 x
17719 153267 232635
47978 166794 552661

DHAEFR 78842 8328 246400 127889 49051 167585 544620 *
46209 174923 547584
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SLI60 43416 39395
i CIITIT 11975 659480 136921 54494 43719 36664 0.5
ok 9504 B30 37951
» 5048 78546 89.770
(E)2- 0% CIS76870 11510 566706 110009 53430 78830 102772 **
55057 91799 114532
86975 108025  115.905
Bk TRRCEE  Cl05544 10394 398859 L1988 89.981 107836 108967 **
88453 109973 108482
388609 320932 305420
CRCRE  ClA786 8976 283868 109905 396101 327864 320170 045
408132 349469 349.063
IR 91928 45012 21035
Cmjp)  CHITO 893 D49 13464 L85 460N B35
98376 46676 30423
14657 51879 68407
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Fig.5 HCA heatmap of volatile flavor components contents in fermented milk prepared with different substrate materials
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